Context. We started a multi-scale analysis of star formation in G202.3+2.5, an intertwined filamentary sub-region of the Monoceros OB1 molecular complex, in order to provide observational constraints on current theories and models that attempt to explain star formation globally. In the first paper (Paper I), we examined the distributions of dense cores and protostars and found enhanced star formation activity in the junction region of the filaments. Aims. In this second paper, we aim to unveil the connections between the core and filament evolutions, and between the filament dynamics and the global evolution of the cloud. Methods. We characterise the gas dynamics and energy balance in different parts of G202.3+2.5 using infrared observations from the Herschel and WISE telescopes and molecular tracers observed with the IRAM 30-m and TRAO 14-m telescopes. The velocity field of the cloud is examined and velocity-coherent structures are identified, characterised, and put in perspective with the cloud environment. Results. Two main velocity components are revealed, well separated in radial velocities in the north and merged around the location of intense N 2 H + emission in the centre of G202.3+2.5 where Paper I found the peak of star formation activity. We show that the relative position of the two components along the sightline, and the velocity gradient of the N 2 H + emission imply that the components have been undergoing collision for ∼ 10 5 yrs, although it remains unclear whether the gas moves mainly along or across the filament axes. The dense gas where N 2 H + is detected is interpreted as the compressed region between the two filaments, which corresponds to a high mass inflow rate of ∼ 1 × 10 −3 M /yr and possibly leads to a significant increase in its star formation efficiency. We identify a protostellar source in the junction region that possibly powers two crossed intermittent outflows. We show that the HII region around the nearby cluster NCG 2264 is still expanding and its role in the collision is examined. However, we cannot rule out the idea that the collision arises mostly from the global collapse of the cloud. Conclusions. The (sub-)filament-scale observables examined in this paper reveal a collision between G202.3+2.5 sub-structures and its probable role in feeding the cores in the junction region. To shed more light on this link between core and filament evolutions, one must characterise the cloud morphology, its fragmentation, and magnetic field, all at high resolution. We consider the role of the environment in this paper, but a larger-scale study of this region is now necessary to investigate the scenario of a global cloud collapse.
Introduction
Understanding star formation is a central challenge in astrophysics, impacting the physics and chemistry of the interstellar medium (ISM), stellar physics, as well as the evolution of galaxies and their stellar populations. A wealth of studies have been conducted to characterise star formation from the sub-parsec scales (where the ultimate gravitational instability turns prestellar cores into protostars) to galactic scales (where the large-scale dynamics shapes the distribution of giant molecular clouds) by way of the molecular cloud scale whose dynamics give birth to filaments and cores. At all scales the challenge is to untangle the complex interplay between gravity, turbulence, and the magnetic field. Additionally, the stakes are raised by the fact that various scales are coupled through non-linear processes, such as
The reduced datacubes (FITS files) of our IRAM and TRAO observations are only available at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsarc.u-strasbg.fr/vizbin/qcat?J/A+A/???/A?? dynamical instabilities, supernovae explosions or ionisation, and photodissociation fronts.
Impressive progress has been made in the last few decades in the spatial resolution of star formation simulations, enabling the modelling of several orders of magnitude of physical scales in a single run. Renaud et al. (2013) modelled the hydrodynamics of a full Milky Way-like galaxy down to 0.05 pc, revealing how the spiral arms pump turbulent energy into the gas and determine the space and mass distributions of molecular clouds. They conclude that gravitation can govern the hierarchical organisation of structures from the galactic scale down to a few parsecs. This is in line with the 'hierarchical gravitational collapse', a scenario Vázquez-Semadeni et al. (2009 propose in which smallscale infall motions occur within large-scale ones, driving the dynamics and morphology of star formation regions. This dynamic view of a global collapse is particularly invoked for the formation process of high-mass stars, as supported by a number of observational studies (Schneider et al. 2010 , Csengeri et al. 2011 , Traficante et al. 2018b 2018). In contrast, Padoan et al. (2017) (and references therein) propose that 'turbulent fragmentation', where supersonic turbulence is predominantly driven by supernovae explosions, determines the evolution and fragmentation of star formation regions.
Disentangling scenarios such as these requires one to accurately characterise the dynamics of star-forming regions from the core scale (∼ 0.1 pc) to the molecular complex scale (a few tens pc), and to identify the structures and their origin in relation with the rest of the molecular complex. Molecular line observations are best suited to study the dynamics of molecular clouds, and, due to instrumental limitations, such studies often restrict their analysis to the scales probed by a given instrument to the chosen target. However, it has become increasingly common that ISM studies combine instruments with various angular resolutions (Csengeri et al. 2016; Liu et al. 2018a) , in particular with the advent of interferometric facilities (Henshaw et al. 2017; Hacar et al. 2018) . Another strategy consists in using very large highresolution observational programmes to access several scales simultaneously (Pety et al. 2017; Nakamura et al. 2017; Sun et al. 2018 ). However, multi-scale studies remain scarce in the context of the early phases of star formation, and we are far from having a representative sample of molecular complexes where the nature and history of the most prominent structures would be understood.
Another limitation to progress in the understanding of star formation could result from the lack of diversity in the target selection. The Planck team has taken advantage of the excellent sensitivity and all-sky coverage of the Planck telescope between 30 and 857 GHz (Tauber et al. 2010) to compile the first allsky, unbiased catalogue of candidate star-forming regions, the Planck Galactic cold clump catalogue (PGCC, Montier et al. 2010; Planck Collaboration et al. 2011; Planck Collaboration et al. 2016) . Several hundred PGCCs have been followed-up with the Herschel observatory in the frame of the open time key programme Galactic cold cores (GCC, Juvela et al. 2012) , with an unbiased target selection strategy in terms of Galactic longitude and latitude, distance and mass, and leading to a sample of great diversity (Montillaud et al. 2015) . The PGCCs were further followed-up by several projects. The 'SMT All-sky Mapping of PLanck Interstellar Nebulae in the Galaxy' (SAM-PLING) survey (Wang et al. 2018 ) is an ESO public survey of PGCCs in 12 CO and 13 CO (J=2-1). The first data release contains 124 fields with an effective resolution of 36 , a channel width of 0.33 km s −1 and an RMS noise of T mb < 0.2 K. The TOP-SCOPE project (Liu et al. 2018a ) combines the 'TRAO Observations of PGCCs' (TOP) science key programme of the Taeduk Radio Astronomy Observatory (TRAO), a survey of the J=1-0 transitions of 12 CO and 13 CO towards ∼ 2000 PGCCs, and the 'SCUBA-2 Continuum Observations of Pre-protostellar Evolution' (SCOPE), a large programme at the JCMT telescope targeting the 850 µm continuum of ∼ 1000 PGCCs (Eden et al. 2019) .
In Montillaud et al. (2019, hereafter Paper I) , we reported the analysis of the dense core population in the star-forming region G202.3+2.5, a complex filament at the edge of the Monoceros OB1 molecular complex and part of the GCC Herschel followup. We selected this target because of (i) its complex, ramified morphology, suggestive of a complex dynamics, (ii) its significant star formation activity as evaluated by Montillaud et al. (2015) and (iii) its location near the well studied open cluster NGC 2264 whose impact on the evolution of G202.3+2.5 needs to be investigated. In the present paper, the second in this series, we report the analysis of the relationship between the dynamics and star formation activity in G202.3+2.5. To conduct this study, we analyse the dust emission in the far-IR observed by Herschel and in the mid-IR by WISE on a 0.5 deg 2 area covering a physical length of ∼ 10 pc along the filament. This is combined with the molecular gas emission observed in the millimetre range with both the IRAM 30-m telescope, for high angular and spectral resolutions (∼ 25 and 0.06 km s −1 ) in a limited area, and the TRAO 14-m telescope, in a larger area but with lower resolutions.
With this dataset, we now make a second step in the multiscale analysis of this region, covering from the core scale (∼ 0.1 pc) to the filament scale (∼ 10 pc). We analyse the density and thermal structure of the cloud from its dust and gas emissions, and correlate them with the distribution of cores whose characteristics were derived from their IR spectral energy distribution (SED) and molecular line emission in Paper I. The velocity field is examined and separated in different components which are used to infer the evolution of the cloud in conjunction with its environment.
The paper is structured as follows. The Mon OB 1 region is presented in the next part of this introduction. In Section 3 we present the observational data set used in this study. The methods are explained in Section 4. Section 5 gathers the factual results on the cloud structure, the core characteristics and the velocity field. These results are interpreted in terms of the evolution of the cloud in Section 6. Section 7 summarises our study.
The Monoceros OB1 molecular complex
The Monoceros OB1 molecular complex is a massive (3.7 × 10 4 M ) and relatively evolved (>3 Myr) star formation region (Dahm 2008 ) located 760 pc from the Sun in the approximate direction of the Galactic anti-centre. Thanks to this location, this sky region is almost devoid of foreground and background emissions, with the exception of a few background clouds which belong to the Perseus Galactic arm more than 1 kpc farther, and can be identified from their radial velocities (∼ 20 − 40 km s −1 , Oliver et al. 1996) , significantly greater than those of the Monoceros OB1 molecular complex (∼ 0 − 10 km s −1 ). Next to the centre of the eastern part of this region lays the open cluster NGC 2264 which contains more than 1000 members, the brightest of which is the O7 V multiple star S Monocerotis (S Mon). Along with several early B-type stars, they form the Mon OB1 association and are responsible for a vast Hα halo with ∼ 1.5 degree in radius (20 pc) around NGC 2264 (blue area in Fig. 1 ). The Hα survey by Dahm & Simon (2005) revealed a population of several hundreds of T Tauri stars with ages scattered between 0.1 and 5 Myr, indicating a sustained star formation activity. Numerous embedded IR sources indicate that this activity is continuing. The first reported IR sources are IRS-1, or Allen's source (Allen 1972 ), a 9.5M B2 zero-age main sequence star next to the Cone Nebula (Williams & Garland 2002) , and IRS-2, an embedded cluster of protostars 6' north of IRS-1 (Sargent et al. 1984; Williams & Garland 2002) . The active star formation within the region has been demonstrated by numerous identifications of outflows and Herbig-Haro objects from millimetre observations of molecular emission (Margulis et al. 1988; Schreyer et al. 1997; Wolf-Chase et al. 2003) and narrow-band imaging of atomic lines (Ogura 1995; Reipurth et al. 2004b) , as well as infall motions (Peretto et al. 2006 ). More recently, several thousand young stellar object (YSO) candidates were identified from Spitzer observations of Mon OB1 east (Rapson et al. 2014) , and tens of starless and protostellar dense cores were identified in a 0.6 deg 2 field in the northern part of the cloud from sub-millimetre Herschel observations (Montillaud et al. 2015) . In projection, NGC 2264 appears superposed on a wide (15'-30', corresponding to 3-6 pc) elongated molecular cloud which extends over more than 2 degrees (> 25 pc), as revealed, for example, by the sub-millimetre emission observed by the Planck satellite at 857 GHz (red structure in Fig. 1 ) or by the large scale 13 CO map presented by Reipurth et al. (2004a) (their Fig. 7 ). This latter map suggests a complex dynamics of the gas, but the low spatial and spectral resolutions (100 and 0.6 km s −1 , respectively) prevent one from a detailed analysis. Rapson et al. (2014) showed that YSOs are distributed all over the molecular complex, with most objects concentrated in NGC 2264, and the remainder following mostly the shape of the elongated molecular cloud. From the distributions of the various classes of YSOs in the cloud, they conclude that star formation in the Mon OB1 east molecular cloud is heterogeneous, with the star formation in the cloud being more recent than that in NGC 2264. An even older, more dispersed population of stars may explain the large number of Class III objects in the region. Overall, this can be summarised as a gradient in star formation activity, which peaks in the open-cluster NGC 2264 and systematically decreases towards the northern part of the complex.
So far, most attention has been devoted to the brightest locations of the region, namely the open cluster NGC 2264, IRS-1 and IRS-2, and the sources in their close surroundings. In the present paper, we focus on G202.3+2.5, the northern tip of the Mon OB1 east molecular cloud, where Montillaud et al. (2015) report an active but recent star formation activity, and a complex morphology.
Observations

Herschel observations
The cloud G202.3+2.5 was mapped with the instruments SPIRE (Griffin et al. 2010 , 250 µm, 350 µm and 500 µm, ) and PACS (Poglitsch et al. 2010 , 100 µm and 160 µm, ) onboard the Herschel space observatory, as part of the Herschel open time key programme Galactic cold cores . The characteristics and reduction steps for these maps are presented in detail in the GCC papers (see for example Juvela et al. 2012) . The map resolutions are 18 , 25 and 37 for the 250 µm, 350 µm and 500 µm bands of SPIRE, and of 7.7 and 12 for the 100 µm and 160 µm bands of PACS. The calibration accuracies of the Herschel SPIRE and PACS surface brightness are expected to be better than 7% 1 and 10% 2 , respectively.
TRAO observations
Large-scale maps of G202.3+2.5 were obtained in April 2017 with the 14-m telescope of the TRAO as part of the Key Science Program named TOP (P.I. Tie Liu). The SEQUOIA-TRAO, a multi-beam receiver with 4 × 4 pixels, was operated at 110.2 GHz with a spectral resolution of ∼ 0.04 km s −1 and a beam size of 47 , to observe the 13 CO (J=1-0) rotational transition. After smoothing the spectra to an effective resolution of 0.3 km s −1 , the achieved sensitivity is RMS (T * a ) ≈ 0.2 − 0.3 K.
IRAM observations
Part of the G202.3+2.5 cloud was observed with the IRAM 30-m telescope during March 2017. We observed this region at the frequency of 110 GHz with the EMIR receiver to record the lines of 13 CO (J=1-0) and C 18 O (J=1-0). This front-end was connected to the VESPA autocorrelator configured to provide a spectral resolution of 20 kHz, corresponding to 0.055 km s −1 at 110 GHz. The FTS autocorrelator was also connected in parallel with a spectral resolution of 200 kHz, enabling us to detect additional lines including the 12 CO (J=1-0), CS (J=2-1) and N 2 H + (J=1-0) lines. Table 1 summarises the observations. We observed 14 tiles of typically 200 × 180 (i.e. 10 arcmin 2 ), and built a mosaic which covers some 130 arcmin 2 around the position (α, δ) J2000 = (6 h 41 m 00.5 s , +10
• 42 27 ). Each tile was observed multiple times and in orthogonal directions in on-the-fly (OTF) mode and position switching mode, with a scan velocity of at most 9 /s, a dump time of 1s and a maximum row spacing of 12 . The beam FWHM ranges from 21 at 115 GHz to 26 at 93 GHz. The off position was observed every 1 to 1.5 minutes. It was chosen at (α, δ) J2000 = (6 h 42 m 30.36 s , +10
• 33 21.2 ), after searching the SPIRE 250 µm map for a minimum in surface brightness (30.7 MJy/sr, to be compared to the values in the range 100-5000 MJy/sr in the observed area). Pointing corrections and focus corrections were preformed every 1.5h and 3h, respectively, leading to a pointing accuracy measured to be 5 . We converted the antenna temperature to main beam temperature assuming a standard telescope main beam efficiency 3 of 0.78 for CO observations and 0.80 for CS and N 2 H + . 
Other observations
The previous data sets are complemented with archival data. Large scale H α emission at 656 nm from the composite full-sky map by Finkbeiner (2003) is used in Fig. 1 and in Section 6. In the same section we also make use of the Second Digitized Sky Survey (DSS, McLean et al. 2000) in blue (λ = 471 nm), originating from the Palomar Observatory -Space Telescope Science Institute Digital Sky Survey. The resolution is better than 2 , and data are given in scaled densities.
In the mid-IR domain, we used data from the Wide-Field Infrared Survey Explorer (WISE) satellite (Wright et al. 2010) . It has four bands centred at 3.4, 4.6, 12, and 22 µm with spatial resolution ranging from 6.1 at the shortest wavelength to 12 at 22 µm. We used these data to complement the SEDs of cores in the mid-IR range. The data were converted to surface brightness units with the conversion factors given in the explanatory supplement (Cutri et al. 2011) . The calibration uncertainty is ∼6% for the 22 µm band and less for the shorter wavelengths.
Method
Dust temperature and column density
The three SPIRE maps were combined, as in Montillaud et al. (2015) , to compute maps of dust temperature T dust and column density N(H 2 ), with an accuracy better than 1 K in T dust in cold regions, corresponding to ∼ 20% in column density at 15 K (Juvela et al. 2012) . PACS data at shorter wavelengths were not included in the calculation because they may bias the column density estimate due to the contribution of stochastically heated grains (Shetty et al. 2009a,b; Malinen et al. 2011; Juvela et al. 2013 ). In G202.3+2.5, this seems particularly relevant since T dust remains below 15 K except in the lowest column density regions outside the filaments, and at two very compact locations corresponding to young stellar sources.
To compute the T dust and N(H 2 ) maps, the SPIRE maps were convolved to a resolution of 38.5 , slightly greater than that of the 500 µm map and reprojected on the same grid. For each pixel, the spectral energy distribution (SED) was fitted by a modified black-body function:
where B ν (T dust ) is the Planck function at temperature T dust , and the spectral index β was kept at the fixed value of 2.0.
The column density was then derived using the formula
where m H is the mass of the hydrogen atom, µ H 2 = 2.8 is the mean particle mass per hydrogen molecule, and κ ν = 0.1cm 2 /g (ν/1000GHz) β is the dust opacity suitable for high density environments (Beckwith et al. 1990 ).
The maps of T dust and N(H 2 ) obtained with this method are shown in Fig. 2. 
Analysis of the molecular line data
Line fitting
We computed pixel-by-pixel Gaussian fits of the entire IRAM maps. For each map independently, a first fit was done with a single Gaussian function. If the residuals showed features with SNR>5, a new fit was tested with a two-component Gaussian function. Again, when the residual features had SNR>5, a threecomponent Gaussian fit was performed. This method is a simplified version of the one adopted in Paper I for individual sources. The simplification was motivated by the large number of spectra to be fitted (several thousand spectra). As shown in Sect. 5.2 and Fig. 8 , this is not sufficient for a few sightlines where up to four velocity components are seen. Still, we did not discard the few sightlines where a fourth component appears since for the vast majority of sightlines, only one or two components dominate the spectra and were sufficiently well fitted (examples of the most complex spectra in this field are shown in Fig. 8 ) for the general analysis of velocity components.
Temperature and density calculations
We calculated the excitation temperatures T ex and column densities of 13 CO and C 18 O following the method described by Wilson et al. (2013) . We present our calculations in detail in the Sect. A.2 of our Paper I. In short, we assume that the 12 CO (1-0) line is optically thick. It appears as a reasonable assumption since the H 2 column density is 3 × 10 21 cm −2 in the area mapped with the IRAM 30-m (Fig. 2) . This enables us to compute directly, for each pixel, the excitation temperature of this line from its maximum T mb . We then assumed that the J=1-0 transition of all the CO isotopologues have the same excitation temperature, so that we could derive the optical depths of 13 CO (1-0) and C 18 O (1-0), and therefore the column densities of 13 CO and C 18 O. The validity of this latter assumption is limited by the fact that the three transitions tend to probe different layers in the cloud. We present and discuss the column density maps in Sect. 5.1.3.
Velocity-coherent structures
We investigated the velocity-coherent structures in G202.3+2.5 as traced from the emission of CO isotopologues. We implemented a similar method as the FIVE algorithm developed by Hacar et al. (2013) . Contrary to these authors, who analysed the emission of dense gas tracers (C 18 O and N 2 H + in Hacar et al. (2013) , N 2 H + and NH 3 in Hacar et al. (2017)), we focus on moderate density tracers ( 13 CO and C 18 O) for the following reasons. At 760 pc, G202.3+2.5 is farther than the clouds studied by Hacar and coworkers: 238 pc for NGC 1333 (Hacar et al. 2017) and 150 pc for Musca (Hacar et al. 2016) . This implies that the dense structures are not as well resolved as in those studies. On the other hand, this greater distance enables us to cover a larger area, an asset to study the large scale dynamics in the cloud. CO isotopologues trace the appropriate densities to analyse the connections between the different large structures in the cloud.
As the first step, we convolved each plane of the data cubes with a Gaussian kernel with a FWHM of 25 to improve the signal-to-noise ratio. For each pixel with a spectrum peaking at values with SNR> 6, we used the central velocity of each Gaussian component of the fits presented in Sect. 4.2.1 to build a cube of discrete points in the position-position-velocity space, as shown in Fig. 10 .
We used a friends-of-friends algorithm to connect the most related points and identify the coherent structures. For a given selected pixel, the neighbours in a box of 5 × 5 pixels and five channels were examined, corresponding to a maximum radius of two cells around the selected pixel in each axis. The box size, corresponding to 25 (∼ 0.1 pc), is similar to the beam size, securing the spatial coherence of the structure. Similarly, five channels correspond to 0.3 km s −1 , which is typically the width of the most narrow lines in 13 CO and C 18 O, securing the velocity coherence of the structure. The cells with a SNR>6 were considered friends of the selected pixel. The method was iterated by considering each new friend as the new selected pixel, until no new friend was found. We present the results in Sect. 5.2.
Results
5.1. The physical structure of G202.3+2.5 5.1.1. Dust column density and temperature maps Figure 2 shows the distributions of the molecular hydrogen column density N(H 2 ) and the dust temperature derived from Herschel observations with a resolution of 38.5 , corresponding to ∼ 0.15 pc at the distance of 760 pc. It reveals the complex and ramified structure of G202.3+2.5, with two relatively broad (∼ 0.5 pc), cold (T dust < 14 K), and dense (N(H 2 ) 5 × 10 21 cm −2 ) filaments at δ > 10
• 45 (hereafter the north-western and northeastern filaments) joining into an even broader (∼ 1 pc) and denser filamentary structure at δ < 10
• 45 (hereafter the main filament; these structures are shown in the left frame of Fig. 2 ).
The peak column density and lowest (line-of-sight average) temperature in the field are reached at the junction of the filaments with values N(H 2 ) ≈ 5 × 10 22 cm −2 and T dust ≈ 11 K. This junction region hosts a wealth of compact sources, many of which are aligned along an arc-shaped ridge (the arc in Fig. 2 ), mostly aligned with the north-south direction. This region corresponds to the surroundings of the source labelled IRAS 27 or NGC 2264 H by Wolf-Chase et al. (2003) where they found evidence of an outflow. Interestingly, the peak T dust of the field is also reached in this area with a value of T dust ≈ 17 K, and is certainly an effect of the heating by the protostar responsible for the outflow. Just south of this source, a linear structure (the bar in Fig. 2 ) inclined from south-east to north-west joins the arc by its southernmost end, contributing to the complexity of this ramified structure.
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Fig. 2. Left:
Column density of molecular hydrogen in G202.3+2.5 as derived from SPIRE bands, assuming a modified black-body SED with fixed β = 2. Right: Dust temperature in G202.3+2.5 derived from the same SED fitting. In both frames, the dark-blue solid line shows the footprint of our IRAM OTF observations, and the ellipses show the location, size (full-width at half-maximum of a Gaussian fit) and orientation of the submillimetre compact sources extracted by Montillaud et al. (2015) . The regions defined in the main text are indicated with white shapes. In both frames, the inset shows a zoom to the junction region (white rectangle).
A similar structure as that of NGC 2264 H is found at the southernmost end of the main filament, although with less contrasted values of T dust = 13 K and 17 K. This second source corresponds to the source labelled IRAS 25 or NGC 2264 O by Wolf-Chase et al. (2003) , where they also found evidence of an outflow, and which Ogura (1995) identified as the object responsible for the giant Herbig-Haro object HH 124 (outside of the Herschel maps). These two objects are connected by the most central part, or core in the sense defined by Rivera-Ingraham et al. (2017) , of the main filament, where column density is 10 22 cm −2 and reaches values ∼ 2 × 10 22 cm −2 and temperatures T dust 13 K at several compact locations.
The north-eastern filament exhibits a large arc-shaped and fragmented structure with column density generally 10 22 cm −2 , except at a few compact locations where this value is marginally exceeded.
The north-western filament is mostly composed of two regions: one large, dense, and cold clump (hereafter the north clump; top white ellipse in Fig. 2 , right) at its northernmost end (α = 6:40:54, δ = 10:55:52) with N(H 2 ) ≈ 2 × 10 22 cm −2 and T dust ≈ 12.5 K, and a more diffuse region which connects the north clump to the junction region. Despite relatively large values of column density (N(H 2 ) ∼ 3 − 10 × 10 21 cm −2 ), this latter region (hereafter designated as 'the bridge', since it connects the north clump and the main filament, central white ellipse in Fig. 2 , right) has temperature values of ∼14.5 K, comparable to those of the immediate surroundings of the cloud and making the north clump look isolated from the rest of the cloud in the temperature map of Fig. 2 .
From these column density values, we derive the total masses and linear masses of the main structures discussed above as summarised in Table 2 . We did not attempt any automatised extraction of the filaments from the dust emission maps, since our molecular line observations reveal a more complex structure than suggested by the dust emission. We computed masses within column density contours of 2 × 10 21 cm −2 and obtained values between 240 M for the bridge and 2100 M for the southern part of the main filament. The junction region and the southern part of the main filament gather 3900 M , that is ∼ 60% of the cloud mass in the map. Table 2 also lists approximate estimates of the physical length of these structures, from which we derived linear masses between 120 and 230 M /pc in the northern filaments, and of 530 and 580 M /pc in the junction region and southern main filament. These values are much larger than the critical linear mass for gravitational instability under thermal support. Using M lin,crit = 2c 2 s /G, where c s is the isothermal sound speed and G is the gravitational constant (Ostriker 1964) , we obtain M lin,crit =∼ 16 − 32 M /pc for a 10-20 K gas. However, turbulent and magnetic support can also contribute. We do not have constraints on the magnetic field strength in this paper, but in Paper I, we reported velocity dispersions σ C 18 O ∼ 0.4 − 0.6 km s −1 in the junction region and 0.2-0.4 km s −1 in the northern filaments. This implies that, unless the magnetic field plays a major role, all the filaments should be fragmenting. This picture is consistent with the numerous starless and protostellar cores identified everywhere along the filaments. However the low threshold of 2 × 10 21 cm −2 includes gas that is widely scattered and eventually may not, or not quickly, be involved in star formation. A closer view of present or imminent star formation is obtained by considering a greater column density threshold of 8 × 10 21 cm −2 . This value corresponds approximately to an extinction of 8 mag, which is similar to the background extinction threshold of A V ∼ 4 − 8 mag proposed by McKee (1989) and reported by Enoch et al. (2007) (A V ∼ 8 mag in Perseus) or André et al. (2010) (A V ∼ 10 mag in Aquila). It reveals that in the northern filament, only the north clump is clearly prone to star formation. With M lin = 130M /pc, the main filament is also very active, but the junction region appears by far as the most active part of G202.3+2.5, with M lin = 210M /pc.
Average spectra and integrated intensity maps
All the transitions summarised in Table 1 are detected at least in the junction region. Figure 3 shows the velocity-integrated intensity maps of all the detected transitions in our IRAM dataset, except for C 17 O and C 34 S which are only weakly detected in the junction region (T Fig. 4 , which shows the velocityintegrated map of the TRAO data.
The 12 CO (J=1-0) emission (Fig. 3 a) fills the whole map with integrated intensities of the order of 50 K km s −1 and exceeding 100 K km s −1 around NGC 2264 H (s1446 in the GCC catalogue). It presents a morphology mostly similar to the one Table 2 . Approximate lengths and masses of the main structures identified in the column density map.
North-eastern 7.3 8.8(2) 1.9(1) 1.2(2) 2.5(0) North-western 4.2 9.6(2) 7.7(1) 2.3(2) 1.8(1) North clump 1.7 3.1(2) 7.4(1) 1.8(2) 4.4(1) Bridge 1.5 2.4(2) 2.8(0) 1.6(2) 1.9(0) Junction 3.5 1.8(3) 7.3(2) 5.3(2) 2.1(2) Main filament a 3.6 2.1(3) 4.7(2) 5.8(2) 1.3(2)
Notes. The columns are: (1) The name of the structure; (2) The approximate length of the structure assuming a distance of 760 pc; (3) The total mass of the structure within a column density contour of 2 × 10 21 cm −2 ; (4) The same for a 8 × 10 21 cm −2 N(H 2 ) contour; (5) The linear mass of the structure within a column density contour of 2 × 10 21 cm −2 ; (6) The same for a 8 × 10 21 cm −2 N(H 2 ) contour; (a) Only the part of the main filament southwards of the IRAM footprint is accounted here. The properties of the complete main filament can be obtained by summing with the junction region. The numbers between parentheses are powers of 10.
observed from dust emission, with the important exception of the north clump where significantly lower values of the integrated intensities are found (∼ 30 K km s −1 ). This contrast in intensity between the north clump and the remainder of the field decreases when examining the emission of rarer CO isotopologues. spectively, in Fig. 3 c) . It shows that the ratio of the peak T mb of CO isotopologues in the main filament, T mb (MF), to that in the north clump, T mb (NC), decreases from T mb (MF)/T mb (NC) ∼ 2 for CO, to ∼ 1 for 13 CO, ∼ 0.5 for C 18 O, and ∼ 0.8 for C 17 O. Moreover the line width in the main filament is found to be about twice as large as that in the north clump for all isotopologues.
The region of the bar (Fig. 3 .e) appears as a continuous structure with a similar morphology for all the isotopologues (Fig. 3  a,b,c) . In contrast, the arc region (Fig. 3.e) shows different morphologies in all the CO maps, suggesting a complex structure along the line-of-sight with variations in excitation possibly related to the outflow reported by Wolf-Chase et al. (2003) and in Paper I.
As shown in Fig. 3 d, the CS (J=2-1) emission peaks at the location of NGC 2264 H with a peak value of 11.7 K km s −1 . The general morphology of the CS integrated intensity map is similar to that of the C 18 O map, with (i) the junction region, and especially the arc which hosts NGC 2264 H and the bar, dominating the emission, (ii) the north clump showing relatively diffuse emission and (iii) the bridge not being detected. Differences are found in the arc, which appears more compact than in CO, and shows a bright extension to the north-east, and in the bar which appears fragmented in three clumps separated by ∼ 1.5 − 2.0 arcmin (∼ 0.35 − 0.45 pc). The C 34 S emission (Fig. A.1 ) is about ten times fainter than that of CS but shows almost exactly the same distribution. The N 2 H + (J=1-0) emission traces the densest regions of the cloud and therefore is seen at quite compact locations (Fig. 3 e) . The arc around NGC 2264 H is very well traced by this transition with the map maximum value of 6.2 K km s −1 being reached at the location of NGC 2264 H. Another bright compact source appears in the same arc, 1.5 arcmin (∼ 0.35 pc) south of NGC 2264 H with a peak value of 5.0 K km s −1 . A 3-arcmin (0.7 pc) long, continuous portion of the arc is found with an intensity 2.5 K km s −1 . The bar, southwards of the arc, is fragmented into at least three compact sources, even more clearly than in the CS map. The north clump is bright in N 2 H + with a peak integrated intensity of 4.0 K km s −1 , and a significant emission (> 1.0 K km s −1 ) within a 2 × 1 arcmin elliptical region. Figure 6 compares the column density maps derived from IRAM observations as presented in Sect. 4.2.2. The same structures as seen in the dust column density map (Fig. 2) are visible in the 13 CO and C 18 O column density maps, however with different contrasts. The values of N( 13 CO) (frame a) range between 5.0 × 10 15 cm −2 at the edge of the map and 5.3 × 10 16 cm −2 at the peak of the junction region. To convert those values to H 2 column densities, we assume a ratio X CO/H 2 = 1.0 × 10 −4 (e.g. Pineda et al. 2010 ) and we use the Galactic gradient in C isotopes reported by Wilson & Rood (1994) to compute the ratio X12 CO/ 13 CO = 75.9 for the galactocentric distance of G202.3+2.5 (9.11 kpc, Montillaud et al. 2015) . We obtain N(H 2 ) values between 3.8 × 10 21 and 4.0 × 10 22 cm −2 . In Fig. 6 b we also present the column density map for C 18 O. The column density of N(C 18 O) reaches a maximum value of 6.6 × 10 15 cm −2 in a different part of the junction region than 13 CO. Assuming a ratio X12 CO/C 18 O = 618 (Wilson & Rood 1994) , it corresponds to a N(H 2 ) value of 4.1 × 10 22 cm −2 .
Gas column density maps
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The N(H 2 ) column density values obtained for 13 CO and C 18 O are in good agreement with each other. This implies that 13 CO emission is generally not sufficiently optically thick to strongly bias (underestimate) the 13 CO column density measurement. Indeed, the peak values of τ ν derived from Eq.(A.1) in Paper I for 13 CO are ∼ 0.5 in the junction region, with maximum values of ∼ 1 localised in compact sources. Only the north clump exhibits larger values of ∼ 0.8 with a maximum τ peak = 1.3, despite column densities and peak T mb being lower than in the southern area. This is related to the trend discussed in Sect. 5.1.2 and shown in Fig. 5 , where rarer isotopologues tend to be brighter in the north clump than in the junction region, while 12 CO is fainter in the north clump than in the rest of the filament. Similar trends are observed in Fig. 6 e, showing the integrated ratio of C 18 O/ 13 CO cubes 4 , where the north clump has almost as high ratios as the junction region in spite of its fainter emission and lower column density. More striking is the map of N(C 18 O)/N( 13 CO) (Fig. 6  c) , where the largest values are found in the north clump (up to approximately two times the X 18/13 value given by Wilson & Rood 1994) , and approximately three times larger than in the rest of the filament. Interestingly, the map of 12 CO excitation temperature (Fig. 6 d) reveals a strong contrast between the north clump (T ex ∼ 12 K, morphology practically invisible), and the rest of the filament (T ex ∼ 15 − 30 K, clear morphology which contrasts well with the background).
The reasons for this large difference in T ex between the north and south of the field are not fully clear. Apart from the north clump, the spatial variations in T ex show a morphology very similar to the one of N( 13 CO). Since T ex increases with increasing molecular hydrogen volume density (see, for example, Fig.2 .7 in Yamamoto 2017), and assuming that the N( 13 CO) map is a good proxy for volume density variations, at least part of the variations in T ex are likely to reflect variations in n(H 2 ). Other possible effects contributing to these variations include a lower external heating in the north clump and optical depth effects for example as a result of differences in velocity dispersion.
Velocity components
The velocity structure of G202.3+2.5 is quite complex. Figure 7 shows that in 13 CO several velocity components are overlaid along most sightlines, with a scatter in velocity greater than 4 km s −1 , and fluctuations in velocity within each component of ∼ 3 km s −1 in the junction region (offset< 540 ), ∼ 3 km s −1
around the bridge (offsets between 540 and 1300 ), and < 0.5 km s −1 in the north clump (offset>1300 ). This complexity is even greater at some positions, as shown in Fig. 8 , where up to four different velocity components are found. Figure 9 shows the 13 CO channel maps of G202.3+2.5 from TRAO and IRAM data, as well as the 12 CO channel maps from IRAM data. TRAO data reveal that the north-eastern and northwestern filaments (including the north clump) are parts of the same large structure which appears as an elongated loop at velocities between 4 and 6 km s −1 . Both TRAO and IRAM data show that between 6 and 8 km s −1 the emission of the filament is dominated by the junction region and the main filament, and that at 6 km s −1 the brightest part of this structure is in the junction region, confirming that there is a continuity from the north-eastern and 4 To limit the noise in the map, only data cube cells with T mb greater than 1.5 K and 0.1 K in 13 CO and C 18 O, respectively, were included. Using lower thresholds makes the map noisier, but does not change the average values nor the morphology significantly.
north-western filaments to the main filament. At larger velocities (v lsr 7.5 km s −1 ), the main filament continuously extends to the north west, up to the region of the bridge. Interestingly, although in 13 CO the north clump seems brighter than the bridge, in the IRAM 12 CO channel maps the situation is reversed. The channel maps of the other tracers detected with the IRAM telescope are shown in appendix A.
Another view of the velocity structures is presented in Fig. 10 which shows the line centroids obtained from our 13 CO and C 18 O cubes. The 13 CO frame reveals multiple interconnected components and large-scale velocity gradients. The lower point density in the C 18 O centroid distribution unveils the skeleton of the cloud, with a clear large-scale velocity gradient in the northsouth direction, and a more confused east-west gradient in the junction region. Figure 11 shows the result of the friends-of-friends identification of 13 CO velocity-coherent structures (VCS). Five major structures are identified, three in the junction region (VCS 1-3), the two others corresponding to the north clump (VCS 5) and the bridge (VCS 4, between the north clump and the junction region). The north clump appears as a single structure at ∼ 5 km s −1 relatively unattached to the junction region. The bridge, which seems to connect the north clump to the junction region in Herschel maps, turns out to be completely disconnected in velocity from the north clump, and presents velocities similar to the reddest ones in the junction region, as well as a significant velocity gradient of ∼ 0.3 km s −1 arcmin −1 (=1.5 km s −1 pc −1 ). The yellow structure (VCS 3) in the PPV diagram of Fig. 11 a has similar velocities as the bridge and its morphology in the plane of the sky suggests that it could be its continuation southwards. It strongly overlaps (in the plane of the sky) with the light blue structure (VCS 2) in Fig. 11 a, which spans bluer velocities, from 5 km s −1 (as in the north clump), to ∼ 7 km s −1 (the average velocity of the cloud). These two structures are well separated by a gap in velocity which oscillates along the north-south direction, as seen in the δ − v plane of Fig. 10 for 13 CO, and are mostly connected via VCS 1 at the southernmost end of the IRAM map. This is particularly striking in the δ − v plane of Fig. 10 for C 18 O. The second panel of Fig. 11 shows the same structures projected on the plane of the sky, with the average velocity of each VCS colour coded. This figure also shows the densest parts of the cloud as traced by the N 2 H + emission (hatched regions), for which we obtained the velocity of the isolated component using hyperfine structure line fitting. The dense part of the arc appears to be located along the edge of VCS 2 (the light-blue component), and next to VCS 1 (the light-red component). With average velocities of about 7.7, 7.3, and 6.3 km s −1 for VCS 1, the N 2 H + emission of the arc, and VCS 2, respectively, the arc is also between VCS 1 and 2 along the velocity axis. The other notable N 2 H + emissions correspond to s1449 (v lsr = 7.56 km s −1 ), s1457 (v lsr =7.81 km s −1 ), and s1454 (v lsr =5.29 km s −1 ). Those sources are located in VCS 1 (v lsr =7.7 km s −1 ), for s1449 and s1457, and VCS 5 (v lsr =5.5 km s −1 ), for s1454, both spatially and in the velocity space. Table 3 gives the main properties of the five largest 13 CO velocity-coherent structures. Consistently with the results reported in Sect. 5.1.3 and Fig. 6 , the north clump (VCS 5) stands out with a low average 13 CO column density, a low scatter in 13 CO brightness temperature and a low radial-velocity dispersion. This suggests that it belongs to a part of G202.3+2.5 with different environmental conditions than in the four other components. VCS 1-3 are all immediately next to the junction region and around the dense gas traced by N 2 H + . They individually present large radial velocity ranges between ∆v lsr ∼ 1.7
Article number, page 9 of 22 A&A proofs: manuscript no. Paper_G202_II and 1.9 km s −1 with large 13 CO column densities ( 7 × 10 21 cm −2 ). Finally, the impression given by Fig. 11 that VCS 4 (the bridge) is the northwards continuation of VCS 3 is supported by the similarity of their velocity dispersions, average and dispersion T mb ( 13 CO) and average 13 CO column densities. 
Discussion
The goal of the paper is to investigate whether the dynamics of G202.3+2.5 shapes star formation in this cloud. In this section, we first investigate the outflows from the junction region. We then make an inventory of star formation activity in the cloud, and then show that the cloud is made of two colliding filaments. We end by discussing the role of triggering in this star formation region.
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Julien Montillaud et al.: Multi-scale analysis of the Monoceros OB 1 star-forming region Fig. 9 . Top: 13 CO channel maps from TRAO data. Middle: 13 CO channel maps from IRAM data. Bottom: 12 CO channel maps from IRAM data. The channel velocities are written in the top corners. In the two first and last frames, the sources from the GCC catalogue are shown as white ellipses and the arc and bar regions are shown as white lines. The north clump and NGC 2264 H are labelled as 's1454' and 's1446' in TRAO maps, and 'N' and 'H' in IRAM maps, respectively. Scale bars are in the next to last frames.
Outflows from the junction region
Outflows from NGC 2264 H (source 1446) have been detected by Wolf-Chase et al. (2003) from 12 CO(2-1) observations, with a complex morphology which is not clearly bipolar (see their Fig. 9 ). Reipurth et al. (2004b) showed from H α images that the Herbig-Haro objects HH 576 (on the north-west of NGC 2264 H) and HH 577 (on the south-west of NGC 2264 H) are at the end of flows that cross roughly at the location of this source (see their Fig. 7 ).
Our data enable us to characterise the outflows in the junction region with a better spatial resolution than Wolf-Chase et al. (2003) . Figure 12 shows the 12 CO(1-0) spectra in this region.
The line profiles in frame (b) show that the bulk emission of the 12 CO(1-0) line peaks near 7 km s −1 , with a blue wing at v lsr ∼ 0 − 5 km s −1 , at the north-west edge of the source. When moving to the south-east, the bulk emission peak shifts towards 5 km s −1 , while the blue wing disappears and a strong red wing grows between v lsr = 10 and 30 km s −1 .
Frame (a) in Fig. 12 shows an N 2 H + integrated intensity map of the junction region with red and blue contours of 12 CO channel maps with velocities of the red and blue line wings, respectively. The red-wing emission is distributed along an east-west elongated structure, in a direction compatible with the flow towards HH 576. The blue wing contours are distributed in three A&A proofs: manuscript no. Paper_G202_II Notes. The columns are, for each component: (1) The identity index; (2-3) The central coordinates; (4) The average radial velocity; (5) The total area in the plane of the sky; (6-7) The minimum and maximum extent; (8) The elongation, computed as the ratio of the two previous columns; (9) The velocity extent, computed as the difference between the minimum and maximum v lsr of the component; (10) The mean 13 CO main-beam temperature; (11) The standard deviation of 13 CO brightness temperature; (12) The mean column density from 13 CO emission, where (21) means 10 21 ; (13) The mass from 13 CO emission. blobs, hereafter referred to as BW1, BW2, and BW3 (Fig. 12 a) , exhibiting a lack of bipolar symmetry with the red contours.
Part of the asymmetry can be attributed to the large scale east-west velocity gradient. The bulk emission of source 1450, between -2 and +8 km s −1 , makes the source appear in the contour plot despite the absence of blue wings. The suggestion by Wolf-Chase et al. (2003) that BW2 might be an outflow associated with their source 27S3 (s1450), is therefore irrelevant.
The location of BW1, at the north-west of source 1446, is mostly opposed to the elongated red-shifted emission on the south-east of source 1446. We follow Wolf-Chase et al. (2003) in interpreting them as a bipolar outflow from the protostellar source 1446. Hereafter, we will refer to this outflow as the main outflow. It was noted by Reipurth et al. (2004b) that the main axis of this outflow is well aligned with the flow towards HH 576.
The situation is more complex for BW3. It corresponds to no known dense sources in dust emission data. It presents a double peaked 12 CO line at ∼ 5 and 7 km s −1 , but the 13 CO line shows a single peaked line at ∼ 7 km s −1 , suggesting that the red peak (7 km s −1 ) traces the denser and less excited matter, while the blue peak (5 km s −1 ) arises from a more diffuse and excited component. Wolf-Chase et al. (2003) proposed that this blue-shifted emission is an outflow from their source 27S2 (s1448), whose red counterpart would be blended in velocity with the ambient matter, thus difficult to detect. However, (i) s1448 is not detected in N 2 H + , an abundant species in protostellar cores, (ii) the shape of the BW3 contours is elongated in the direction of s1446, and (iii) the red contour at 11.4 km s −1 extends to the south-west of the source 1446, in a direction opposed to BW3, making it an interesting candidate for the red counterpart of BW3. Hence, this latter red emission and BW3 could be the two components of a secondary outflow from s1446. Overall, our data are compatible with the idea that both outflows originate from the source 1446, which should therefore be a system of (at least) two stars.
The map in Fig. 12 shows that the red-shifted emission of the main outflow is made of two parts: one ∼ 100 long part from s1446 to the south-east, the other farther to south-east, spanning only ∼ 50 . They are visible in the position-velocity (PV) diagram of Fig. 12 c, where they seem independent from each other, the first one being attached to s1446 (offset ∼ 200 ), disconnected of the second one (offset ∼ 100 ). If the two parts trace the same outflow from source 1446, the discontinuity in velocity between them remains to be explained. at distances ∼ 100 . Since the bulk velocity is ∼ 7 km s −1 , it means that the more distant gas flows faster, a fact in contradiction with the idea of a steady outflow, and suggesting that the outflow is ejected in an intermittent fashion. In this scenario, all the material in the first part of the outflow would have been ejected simultaneously, the faster parts of the gas reaching greater distances. The velocities and distances are compatible with this scenario: the gas traced by the contour at 24.6 km s −1 lays at ∼ 100 from s1446, while the contour at 11.4 km s −1 traces gas typically within 25 of s1446. With a bulk velocity of 7 km s −1 and assuming that the inclination of the velocity vector with the sightline is the same for both components, one finds the same ratio between the angular distance and radial velocity ∆θ/∆v lsr ≈ 5.7 /(km s −1 ), that is the same age. In addition, the association with the HH 576 object 6 away (1.3 pc in projection) already makes HH 576 a giant Herbig-Haro object (Reipurth & Bally 2001; Reipurth et al. 1997) . It is therefore unlikely that the outflow main axis is too far from the plane of the sky. Assuming an upper limit of 30 deg for this angle, the maximum radial velocities observed in the outflow of ∼ 30 km s −1 (23 km s
relative to the source) correspond to ∼ 50 km s −1 relative to the source, and the travel duration of the outflow is ∼ 10 4 yr. This scenario also naturally explains the discontinuity in velocity of the second part of the outflow if it was ejected during a previous outburst event. From its distance (125 ) and its radial velocity (∼ 10 km s −1 ) relative to the source, one derives an age of ∼ 2 × 10 4 yr.
Colliding filaments
Relative positions along the line of sight
The relative positions along the line of sight of the various velocity components and their position with respect to the rest of the Mon OB1 region cannot be determined solely from our millimetre observations. Extinction and scattering are better suited for this purpose. A 1 • × 1 • DSS2 blue map (λ eff = 471 nm) of G202.3+2.5 is presented in Fig. 13 , showing a strong gradient in the average surface brightness along the south-west to north-east direction. A surface brightness profile along this direction (Fig. 13 d) reveals that this gradient presents two different slopes. The steeper one is in the area with values 5000 (arbitrary units), closer to the open cluster NGC 2264, and corresponds to the H α emission (hereafter area 1, in blue in Fig. 1 ). It strongly suggests that the surface brightness is dominated by scattered light from the stars of NGC 2264 in this area, and by the field stars in the background and foreground of Mon OB1 in the rest of the field of view (hereafter area 2). This is summarised by a sketch in Fig. 14. Interestingly, the densest part of the junction region, traced by the N 2 H + emission, is located just at the edge of area 1, but no structures seem to correspond in the DSS map. Instead, a relatively strong emission of scattered light with unrelated morphology is observed at this location. Because extinction is strong at this wavelength, it implies that the structure responsible for scattering is in front of the one traced by N 2 H + . In contrast, the north-eastern and north-western filaments appear clearly in the DSS map in extinction against the Galactic scattering background in area 2, forming structures which match very well the 13 CO emission between 3.6 and 6 km s −1 . However, the southernmost tip of the north-eastern filament, located next to the N 2 H + emission, is not seen in extinction. This is consistent with the idea that this 13 CO emission and the N 2 H + emission arise from different layers of the same structure located behind the scattering material. Figure 13 also compares the morphology of the main filament, traced by the 13 CO emission between 6.3 and 9.3 km s −1 , with the DSS map. The southernmost end of the main filament fits closely the inner part of a large arc seen both in scattered light in the DSS map and in mid-IR emission at 12 µm (Fig. 1) , a typical tracer of photo-dissociation regions (e.g. Pilleri et al. 2012; Anderson et al. 2014 ). In the first 15' northwards of the arc, the main filament is straight and oriented radially with respect to NGC 2264. In this part of the filament, there is a relatively good match between the crest of the filament and a decrease in the DSS surface brightness, however with a lesser contrast than in the case of the north-eastern and north-western filaments. Considering that the column density in the main filament is 2 − 3 times greater than in the northern filaments, it cannot be in front of the scattering material. It cannot be behind it either, since a decrease in scattered light is observed. We conclude that the main filament is part of the scattering material. In addition, the shape of the arc, possibly seen edge-on or slightly from the back, and the orientation of the filament suggest that its angle with the plane of the sky is small.
Gathering all these elements, we conclude that (i) the main filament is weakly inclined with respect to the plane of the sky and at a distance nearly equal to that of NGC 2264, (ii) it splits at the level of the junction region into one short filament corresponding to the bridge, and one larger structure stretching away from the observer, corresponding to the northern filaments.
Finally, we note that the result presented in Sects. 5.1.2 and 5.1.3 that the ratio between CO and 13 CO brightness is larger in the main filament than in the north clump also suggests different environment conditions in the two structures. This could be naturally explained in the frame of our proposed geometry if the northern structures and the main filament used to be detached structures, and recently collided at the level of the junction region. We discuss further this idea in the following sections.
Collision and inflow
Adopting the geometry obtained in the previous section, the radial velocities of the main filament (including the bridge) and of the northern filaments imply that the two structures are moving towards each other with relative velocities of at least 2-4 km s −1 . This conclusion is strengthened by other elements. Figure 15 shows the central velocity of the isolated hyperfine component of the N 2 H + emission in the junction region. There is a clear velocity gradient from ∼ 5 km s −1 in the south-east edge to ∼ 9 km s −1 in the northern edge of the emission, so that this region, which is the densest of the cloud both in terms of column and volume densities, is also the one with the steepest velocity gradient. This can also be seen from C 18 O emission in the right frame of Fig. 10 . It is striking that the arc shape of the N 2 H + emission is also followed by the integrated emission of 13 CO between 6.3 and 9.3 km s −1 , corresponding to the main filament, and seems to wrap around the integrated emission of 13 CO between 3.6 and 6.0 km s −1 , which corresponds to the northern filaments. Moreover the lowest velocities in the N 2 H + emission are reached where the two structures overlap. These observations strongly suggest that the dense arc traced by N 2 H + is the layer of gas compressed during the collision between the main filament and the southernmost tip of the northern filaments. The exact nature of the collision remains unclear, and two limiting scenarios can be considered, according to the relative values of the front and flow velocities (respectively perpendicular and parallel to the filament axis; see Fig. 1 in Smith et al. 2016) . (i) The gas flows along the axis of the filaments which move slowly compared to the flow velocity; in this case the collision region can be considered as the convergence point of colliding flows, as reported, for example, by Liu et al. (2018a) in PGCC G26.53+0.17, or Fig. 14. Sketch of the proposed geometry of G202.3+2.5. The red structure corresponds to the main filament, the blue ones to the northern filaments. The front side of the main filament is illuminated by the cluster stars, and is responsible for most of the scattered light in the area 1 of Fig. 13 . The northern filaments are in the shadow of material between them and the cluster, and are seen in extinction in front of background emission in the area 2 of Fig. 13. by Peretto et al. (2014) in the infrared dark cloud SDC13. (ii) The relative velocity of the filaments is significantly greater than the possible gas flow along them, making the process closer to a ballistic collision. Such a situation was reported, for example, by Nakamura et al. (2014) in Serpens south. Interestingly, in the hydrodynamical simulations by Smith et al. (2016) , although the front velocities are generally larger than the flow ones, all types of filament collisions between our two limiting scenarios are observed.
The shape of the N 2 H + layer can be constrained by combining the total column density from dust emission (3 − 6 × 10 22 cm −2 , see Fig. 2 ) and the volume density of this layer (n H ≈ 10 5 cm −3 , Lippok et al. 2013) . If the total column density came solely from this layer, an upper limit of its length along the line of sight can be derived and would be ∼ 0.2 − 0.4 pc, a range of values marginally larger than the width of this layer in the plane of the sky. Therefore the region where N 2 H + is observed is an arc-shaped filament, well represented by a bended cylinder of radius ≈ 0.1 pc (along the line of sight and in the east-west direction) and length ≈ 1.3 pc (in the south-north direction). With these dimensions and gas density, the N 2 H + emitting gas corresponds to a mass of 141 M . As a comparison, the mass evaluated from the column density map of Fig. 2 within the area where the integrated N 2 H + has a SNR> 5 is 193 M , and in Table 2 we reported a mass of 210 M in the whole junction region for N(H 2 ) > 8 × 10 22 cm −2 . In principle it would leave ∼ 50 M for the envelop around the N 2 H + arc, but the accuracy of those mass estimates is not sufficient for the difference between these numbers to be significant. This filamentary shape of the N 2 H + emission suggests that if the hypothesis of a collision is correct, it is more likely that it further compressed a relatively dense and compact filament already present prior to the collision, rather than created this dense structure from a diffuse and extended filament, in which case one would expect a more extended, sheet-like compression layer. This is supported by the fact that the N 2 H + arc follows tightly the morphology of the main filament in Fig. 15 , and also possibly by the typical chemical age of ∆t ∼ 10 5 yr reported by Lippok et al. (2013) for bright N 2 H + emission. Indeed, if n H has increased during the collision by a factor f only because of the decreasing width w along the collision direction, then the velocity of the collision is v col = f w/∆t. The column density map shows values of 1−2×10 22 cm −2 in the main filament, suggesting an increase by a factor of f = 3 of the junction region's density. The value of w is between the length of the junction region (∼ 1 pc), if the collision occurs mostly along the filament, as expected for the collision scenario (i), and its width (∼ 0.2 pc), in scenario (ii), assuming that the collision occurs across the main filament. This leads to v col ∼ 6 − 30 km s −1 , where the second value seems unlikely considering that there are no clear signs of a violent collision in our data (e.g. no signs of shocked H 2 emission in WISE maps; see Fig.8 in Montillaud et al. 2015) . Starting from a diffuse structure would lead to even larger collision velocities and hence seems unlikely.
Interestingly this value of 10 5 yr is an order of magnitude larger than the age of the outflows out of the source 1446, as estimated in Paper I, suggesting that the protostar formed after the cloud collision started.
Assuming a simple model where the collision occurs along a single direction with constant cross-section, one finds an inflow rateṀ = (Traficante et al. 2018a ). The fact that our estimate is of the same order of magnitude suggests that the collision process, with the values proposed above, is a realistic scenario.
Investigating the scenario of triggered star formation
As mentioned in the previous section, if the collision hypothesis is correct, the most likely scenario is that a pre-existing relatively dense filament had its density increased in the process of the collision. We showed that an increase by a factor of three is realistic. Since the observed mass of the N 2 H + emitting gas is 141 M for a length of 6 (1.3 pc), this structure has a linear mass of M lin = 108 M /pc. This is in the range of values (92-186 M /pc) we found for the critical linear mass of gravitational instability under thermal and turbulent threshold in the junction region (Sect. 5.1.1). Considering that the N 2 H + emitting mass is only a lower limit of the mass estimate, it suggests that the structure is gravitationally unstable, consistently with the fact that several protostars, including the most striking of the area (s1446), and several starless cores are detected in this structure. The masses of these protostellar sources reported by Montillaud et al. (2015) add up to 53.2 M , implying a high star formation efficiency of ∼ 20% or ∼ 38% depending on which mass estimate is used for the N 2 H + arc. In contrast, prior to the collision, the original filament would have contained three times less gas, that is M ∼ 47 M , its linear mass would have been M lin ∼ 36 M /pc, a value slightly below the critical linear mass of 37-92 M /pc found in the northern filaments (Sect. 5.1.1), suggesting at best a moderate star formation activity, comparable to that observed in the north-western filament.
On the other hand, these masses include only the densest part of the junction region. The values in Table 2 with a column density threshold of 8×10 21 cm −2 include larger areas with the envelope of intermediate densities. Assuming that the 210 M /pc reported for the junction region contains 108 M /pc of dense gas, if one divides only the mass of the dense layer by 3, the initial linear mass would have been 138 M /pc, a value similar to the one estimated for the southern part of the main filament.
Altogether, it suggests that the initial filament was already forming stars and that the collision at least doubled its star formation activity. This situation is comparable to the one described by Dale et al. (2015) , whose simulations demonstrate that triggering never consists in turning on star formation in an otherwise quiet cloud. Instead, it would imply the formation of stars that would not have formed without the triggering process, in a cloud which was already forming stars, so that both kinds of stars would be well mixed and extremely difficult to disentangle.
The role of the environment
The fact that the junction region is located at the edge of the Hα emission, a tracer of HII regions, suggests that the collision is related to the possible expansion of the HII region around NGC 2264. One possibility is that the main filament moves away from NGC 2264 as part of this expansion, and encountered the northern filaments. Alternatively, the northern filaments could be infalling towards NGC 2264, for example due to a global collapse of the whole region, hence colliding the shell around the HII region. It is therefore important to examine the age of the HII region to determine whether it is still expanding or has reached an equilibrium with the surrounding environment.
The only ionising star in NGC 2264 is S Mon, a multiple stellar system which includes a O7V star and a O9.5V star with a total mass of ∼ 60 M (Gies et al. 1993; Cvetković et al. 2010 ). We did not find an age estimate of S Mon itself, but Sung (2011) reports the age estimates of the pre-main sequence stars in the same substructure as S Mon. The first method, based on the SED fitting tool by Robitaille et al. (2006) , leads to a median age of 1.5 -2 Myr, with a dispersion between 0.2 and 3 Myr. The second method is based on isochrone fitting in colour-magnitude diagrams and leads to a median age of 3 Myr, with a dispersion between 1 and 6 Myr. Venuti et al. (2018) find similar results using Gaia-ESO data. As these authors, we assume S Mon's age to be in the same range. Williams et al. (2018) simulated the expansion of a spherical HII region into a uniform cold and neutral environment. According to their model, for the ionising luminosity of S Mon (log L EUV = 48.7 photons/s, Venuti et al. 2018) , the maximum over-shoot radius of the HII region is reached in ∼ 15 Myr, and the equilibrium radius, slightly smaller than the maximum radius, is obtained after ∼ 40 Myr. Hence, even with a conservative age estimate of 6 Myr, the HII region is likely to still be expanding. With a more realistic age of ∼ 2 − 3 Myr, the ionising front and the shock fronts are still close to each other, with a radius of ∼ 70% of the equilibrium radius. Williams et al. (2018) quote ∼ 10 pc as a typical equilibrium radius, but there is a considerable scatter in this value (e.g. ∼ 30 pc in λ Ori, Liu et al. 2016) , and the complex geometry of the Hα emission indicates that the environment was not uniform when the HII region started its expansion. Therefore the distance of ∼ 12 pc between S Mon and the edge of the Hα emission in the direction of the junction region seems a reasonable value for a still expanding HII region. We conclude that the shell is still expanding, and that this expansion is a possible candidate to explain the collision observed in the junction region.
On the other hand, it remains unclear whether the speed of the shock front can be sufficient to explain the gap in velocities between the main filament and the northern filaments. It can be seen in Figs. 11 and 15 that the difference in radial velocities is ∼ 3 − 4 km s −1 , so that the complete velocity difference can be even larger, especially if the line between S Mon and G202.3+2.5 is nearly perpendicular to the line of sight. In their Fig. 1 , Williams et al. (2018) show a shock front with a velocity of only ∼ 1 km s −1 . Therefore it remains a possibility that, in addition to the expansion, the northern filaments have their own movement towards NGC 2264.
A first glimpse to this possibility is provided by observing the large-scale velocity gradients within the Mon OB 1 molecular complex. The 12 CO (J=1-0) data of the CfA 1.2m telescope survey by Oliver et al. (1996) show a velocity gradient from the region of the S Mon sub-cluster (v lsr ≈ 10 − 12 km −1 ) towards G202.3+2.5. A steeper gradient is also shown in the south of the S Mon sub-cluster towards the Cone nebula which has radial velocities comparable to those of G202.3+2.5 (v lsr ≈ 4 − 8 km −1 ), but at a distance of only ∼ 5 pc. Unfortunately the spatial and spectral resolution of these data are not sufficient to fully investigate the movement of the northern filaments with respect to NGC 2264. The 12 CO (J=3-2) data by Buckle et al. (2012) , obtained with the JCMT telescope reveal a wealth of details at 14 resolution, but for an area limited to ∼ 0.5
• around S Mon.
Conclusion and perspectives
We have studied G202.3+2.5, a complex filamentary, starforming cloud at the edge of the Monoceros OB 1 molecular complex, looking for a relationship between the dynamics of the filament and its star formation activity. We have examined its general density and thermal structure using dust emission maps from the Herschel Galactic cold cores programme, combined with TRAO 14-m and IRAM 30-m millimetre observations of mainly 12 CO, 13 CO, C 18 O, and N 2 H + (J=1-0) molecular lines. From this data set, we also had characterised the compact sources in the first paper of this series and examined the variations of their properties with respect to the structure of the cloud. In addition here we characterised the dynamics of the cloud from the radial velocity field derived from the millimetre data. These analyses were combined to draw a multi-scale view of G202.3+2.5, from core scales (∼ 0.1 pc) to the cloud scale (∼ 10 pc), and led to propose a scenario of the recent star formation history of G202.3+2.5 in relation with its local environment in the Mon OB1 molecular complex.
The study has led to the following conclusions. G202.3+2.5 is found to be actively forming stars, and the filaments' linear masses suggest that this activity will be sustained in the near future.
IRAM 12 CO observations confirm a known outflow from the brightest and massive (M dust ≈ 22 M ) protostellar source in G202.3+2.5, and suggest that this source could also be responsible for a second outflow in a different direction. The structure of the main outflow suggests that it was emitted in an intermittent fashion, and we estimated the oldest outburst, responsible for a large Herbig-Haro object, to be ∼ 2 × 10 4 yr old. , and between 6.3 and 9.3 km s −1 , corresponding to the northeastern filament and the main filament, respectively. The levels are between 3 and 18 K km s −1 by steps of 1.8 K km s −1 , and between 12 and 18 K km s −1 by steps of 1.8 K km s −1 for the blue and red contours, respectively. In the white area, no line fitting was attempted because the N 2 H + has a SNR<3.
The structure derived solely from dust observations is very misleading. The north-western filament, which looks like a single structure in Herschel maps, appears in IRAM data as the superposition of two independent velocity components. In dust maps, the junction region seems to be the point where the main filament forks into two secondary filaments (the northern filaments), whereas TRAO 13 CO observations show that the two northern filaments are two parts of the same structure at v lsr ∼ 4 km s −1 , while the main filament is a different structure at v lsr ∼ 7 − 8 km s −1 . The velocity components identified from the IRAM 13 CO data show that the two main velocity structures, namely the main filament and the northern filaments, merge in velocity in the junction region where the densest gas is found and traced by N 2 H + . The N 2 H + emission exhibits a large velocity gradient, emitting continuously from the velocity of one structure to the other, suggesting that the dense gas is a compressed layer between the two structures.
The qualitative analysis of the extinction and scattered light in the visible DSS surface brightness map of the cloud led to the conclusion that the northern filaments are behind the main filament. Thus the shift in radial velocities implies that the two structures are moving towards each other, supporting the idea of a collision between them in the junction region.
Based on the typical chemical age of N 2 H + in dense cores, we proposed a scenario in which the junction region would be the result of a collision that started ∼ 10 5 yr ago between the main filament and the southern tip of the northern filaments. We showed that in the frame of this scenario, our data are compatible with the idea that the colliding part of the main filament was already relatively dense and forming stars, similarly to the rest of this filament, and accreted additional gas from the northern filaments at a rateṀ ∼ 1 × 10 −3 M /yr. We interpreted the local peak in star formation activity in the junction region, and more specifically in the N 2 H + emitting gas, as the result of the increase in gas density, itself resulting from the collision. Therefore this region falls under the frame of triggered star formation in the sense of Type I triggering defined by Dale et al. (2015) : 'A temporary or long-term increase in the star formation rate.'
The collision scenario was put in perspective with the local environment of G202.3+2.5. The cloud is at the edge of the HII region around the nearby open cluster NGC 2264 and its most massive member, the O-type binary S Mon. We showed that this HII region is young enough to still be expanding, and is therefore a candidate for the origin of the collision. However, we cannot rule out the idea that the northern filaments move towards NGC 2264 as part of a possible global collapse of the region, contributing or even possibly dominating the collision velocity.
The Monoceros OB 1 molecular cloud appears as a good target to characterise the global evolution of a giant molecular cloud. Additional steps are already engaged to complement the multiscale approach of this study.
The large scale 12 CO and 13 CO (1-0) emissions in the Monoceros OB 1 molecular cloud will be observed to further study the connection between G202.3+2.5 and NGC 2264 and test the ideas of global or hierarchical collapse of this region.
The collision in the junction region needs to be further characterised. Shock tracers, such as SiO(2-1) (Jiménez-Serra et al. 2010) or H 2 S and SO 2 transitions (Codella et al. 2003) , will be observed to constrain the collision velocity and morphology. In addition, we will look for infall signatures in the junction region, by searching asymmetry in high-spectral resolution observations of HCO + (1-0) in combination with the N 2 H + (1-0) line to trace the systemic velocity (Fuller et al. 2005) .
Finally, the magnetic field geometry and strength, ideally measured at angular resolutions comparable to that of the molecular line tracers discussed here, are key to understand the present state and the history of Mon OB 1. We have measured dust polarized emission at 850 µm with the polarimetre POL-2 at the JCMT 15-m telescope (Liu, Tie; et al., 2019, in preparation) . Such observations have proven to be good tracers of the planeof-sky projected B-field morphologies from large to small scales (e.g. Matthews et al. 2009; Dotson et al. 2010; Hull et al. 2014; Zhang et al. 2014; Cortes et al. 2016; Koch et al. 2018; Liu et al. 2018c,b) . Given the high densities in the junction regions, the B-field morphology here could reveal dragged-in and pinched B-fields as it is observed in gravity-dominated and collapsing cores (e.g., Girart et al. 2009; Tang et al. 2009 ). In combination with molecular line tracers, correlations between velocity gradients and B-field orientation can be searched to constrain the role of the B-field in the accretion process, and the magnetic support can be evaluated to firmly conclude on core and filament stability.
